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Abstract 


PROBLEM TO BE SOLVED: To effectively prevent erroneous writing into non-selected cells which accompanies reduction in 
programming voltage. 

SOLUTION: A nonvolatile semiconductor memory device has memory cells M1 1a to M1na, which perform basic information 
storing operations by injecting or drawing charges into or from charge storage means by applying a voltage to first control 
electrodes (e.g. word liens WL1 1 to WL1 n) deposited on channel- forming regions of a semiconductor via an insulating film 
including the charge storage means, and cells (e.g. other memory cells or selected cells) for transmitting a predetermined 
potential to the channel-forming regions of the memory cells in injecting or drawing the charges. Second control electrodes 22, 
which are capacitively coupled to semiconductor regions between the memory cells and the cells for transmitting the 
predetermined potential and control the potential and the formation of inter-cell channels or depletion layer in the semiconductor 
regions, are formed in impurity regions between cells via an insulating film 20. 
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^^S12a i:, »R h7>^^ MiwK7!)^$ 
iifenfiffl/tU h7>^^Ml la~Mlnati> 
<b&3. K«8BLatfilSi$nfcJI2©^ h 'J 
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i Bit, v-*msLMmztitzMft\-7>i'Z#s 
22at mmtRh7>v*t>mizmmffi2titznWi 

(Dt^V h7>VZ?M2 1 a-t^e>^?)o R«C, 
tf y MIB L b £ * 2 *©* MJ > ftT £ 
t), *©ftl©*HJ>*tt. tfy H|BLbfc««3 
nfcjB«h5>^^Sl lbi:, v-^»SLttt« 
*nfca«?b5>^^S 1 2bks W*R h 5 
^HfcitJUStt^iifcnfflO^ty h5>^**Ml 1 
b~M 1 nbfc*»e>&4. tf«> hISIB Lb tjKJS^fifc 
& 2 ©* h 'J >^B\ tfy MfctB L b fcg&KteilfcaUR 10 

h7>^^s2ibi:, v-zmsuzm&iztitzm 

[0 0 2 9] MiRh ?>i?X*S 1 1 a*iVS 1 1 b 

]&RY9>i>airS 1 2 aMlfS 1 2bttftCV 
-*H»iR«9ttSGl 2tJ:5WfflI*n5. BWC 
fflRh5>y^S2 1a*J:VS2 1btt, hfeCK 

* h ss^e^n s g 2 1 £ «t o « £ tu a k h 7 > 20 

-^^S2 2 a* XUS 2 2 bl±&£ 7-;*iS§tfIMI% 

*M1 lafcMl 1 b, Ml 2ai:Ml 2b, M13a 
fcM13b, MlnatMlnbli, -WMiy — 
KttWL 1 1 , WL 1 2, WL 1 3, WL 1 nCJ: 

mmztiZo rm^> «u yv.wj^vlz i ah 

M2 1bl±s 7-HSWL2 lCi!)«MP*ii*. 
[0 0 3 0] COi-5CfflS«ftt*n*ft^ h y >y£ 
£^T> EB2©*rIifc:jj**\fc-5fc N 09 Afcfn §>©¥#{* 
aHR2rt©*fflfl!l£s 0iAtfp9©9x;u (p£x;u 30 

[0 0 3 1] ^tij F7>^7^M1 la~Mlna 
tt s *©p«>x;M±£, h>*;H6SR8* SfbJRl 
0, KvmtfbKl 2s hlMtBtoWMUr 
nTU5„ y-MftSJR±fc* *'JS/U3>JB1 
6 4:, ^oiofifflus^as/ij-y-f Nil 8#6fc*7 
-F8WL1 1~WL 1 nMHlSftt^a. ^©7- 

H»tt % #&(«© "is i ©#j»aa" s 

ft 1 ©»J»«ST*©p ^x;i/g®gl57>* s *^B^£*5tt 

5 "*-+*;w&aMR«" , iisfticf&fflmara©?* 

[0 0 3 2] 5IJRh7>yx*S 11a, S 1 2 a^ 
ttx St©MOSFETT-fi§Jj)t£ft£. Lfc#oT> -£ 
©?- M6«JK 1 4 tt, i/'J3 >$HUM©#T-«l$£;h, 
Tl^So jttfcl«7>5>;**S 1 1 a, S12a©&y- 

htint *ft*ney MHittflressGi 1, v 
-*«bjr»*s s g 1 2 sasg-r S. 50 
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[0033] *&&Bm<D*nnte* * u ©*jbw*w 
as©-ottx /^y K7>y*m ^*'jh7>^ 

$6c) AsffM?ntv>*v>c:i:T-fc-5c {fe©i£?gms 
Bp-fctfy h^|qJ©-^ffl!l£B?gt5ffe© 
* h U >^i:«aaiS!»*Sffl l-'K 6 a 

fc, ft#©R$;; h 'J >^PlT-±tii^^lS©V-^ 
^M®ffi®6b (y-^lSSL) tt, ti£*fcn*Ctttt 

[0034] *%Mm<D*nx&* * y ©«jt«&ife 

&3JBBfll6aB2 0*^L-Ts ft 2 ©&JJWB& 2 2 #St 
tt.e>nt^5i:i:T-feS. Z(Dt62<DfflmWR2 2I±, 

* * ©±£*> 6>ffe^©j0^ K7 > 5> * * ©±#£ 
T-«c©ru-btt£jKrii$iiTv^«. -?lt> mz<D 

mmmm22it, h7>i?z$rm, m^iz** 
y Y7>x7.*tmfcY7>i/z#r$<Dm¥r$*%.fom 

*£«L«BBIft«*2 0fe^LTSE»LT*t)s 3 MM 
W«tt2 2©9JiD«E£J6;bTx -?©T*©p'i7x;U4 

«®a$7> (*?n*»«:fli«) t*v^T* : Piaif-+*;i/ 

[0 0 3 5] ft 2 ©MUSS 2 2±£^tr£®£, Jttt 

^£j9^ffnit6tti 2 4 tfjfcflts *u tr * h 3 >^ ^ h 

BCIt d©lRS*fo&IJf 2 4£•^v^Tm^iBKH'> ; fM 
«Sf8«6a±TW?L$nfc3>^»b?L2 4art*s fi«J 
^.tfT.i/T iN«St©ffi*JBft^ffi$*TW<f©^Ji7' 
7<7•■ca«)Jitf^4:£ctDJfM^ r tlTV^So t<yb=i> 

tf>y hHBLa#BilSf6<3S2 4±£ffi^$nt^S. 

l^©±ga^l©±T$:> (XttftlfH) t 

n y 7^ ^;uT-^A,e 3 mm&*% tr^s. 

[0 0 3 6] ^©cto^^ONANDS^Jf^tt^^ 

[0 0 3 7] Of£, iSJ§*i*£ov^TKl»1-5. 03 
~H 6 11, ±3$ Lfc«fiKO^»«e^ * y ^g©§Mji 

[0 0 3 8] £©H3fcfcAoT» ffl*L&at« 
(nS*«f*StS2) ©«iS»^£x Wlx.ttL0C0S 

fi, ^n£J:t)±£ff^[p|©^7>«5S* s iiiE!6^tL?). 
[0 0 3 9] oirvp, H3 (a) £^-fi-5£s 
©SESP^£ p £ x;u 4 * # >?± AfS£ «t t) ffJ^t 



3. ^©p^x;u4{i, it^+j/tMSl, 

«Wft^LT«rtUfcS0IltfCft»T*6. P* 
x ;u 4 %iS 4 m liaftSHbt £ C i: t <t s h > * ;Hft 

^ ©g® gB^sJSv > li±T ©&$fb •> 3 > fcgfbSMb S' 
y=j>fcbTfc«fcv>o h>*;Hft8K8±^ mas 

Yb-> U 3 & a 4 SfbUt 10&CVD fclSfc «fc 5 je£«I 
[0 0 4 0] 04 (b) fc^1-«fc-5£, **y 

h;^-i/RPfeMU z.ft£-?**fc:T«i©Sfbfil 

#©a<fbj$£i&£-f c©xy?->^©psc N 

^^-^#£A£ftft^et?Kr3c:£rt s Si;b^o 
[0 0 4 1] ^<04 (c) T-tt, «{b£fT?, ft© 
xgT? h >*;HMU!I8 ft^ft < fc*-»abfc»£, 

#B*U*. £©i«Hbfc.fctK !>x;u4)Mai£*ttib 
fc«iRh7>^^»ttt, jM?b5>2>**©y-b 
MtUt-i 4fcfc**«HbllWW <«j«dii«-*H Sfb 
iiom h7>5?**©hv7Sfb]«l 2 

iu5:-5^bM* s ?l<ifM^n5o C©i:^ gftKl 

[0 0 4 2] H5 (d) Ttt» MSfbKl2, 141 

^««»*«»A*n'r*«flj*nfe#y ^y a >jg i 
6i: N jttiwiAii^y^'f m\ 8$, a»©#'j*-f 

K»J*ttfcJ:t) 30 
[OO43]M<05 (e) ffct, W^->R 

U W*h54 7tt©7-K»WL1 l~WLln« 

^ mmmus g i i , s o i 2«4wr9Kj«i-*. 

±T©11*C*Tl©»flJite«£Wfc»U &T?*x 

[0 0 4 4] l/^h;^->RPSBl*a, 
06 (f) fcijV*-J;-3K, mtOWb^y :>>«?©$& 1 40 

©h hi&sjb 2 o *±m t » < riUK-r 5 c c ©j«j«h: n 
m ««awbxtt c v d ©rana*©^ c ± ^tMt 
5o 7-K»«#5t?U'>y &&gHbi£* j 
ffffl-esa. K©»*tt% cvd 

SC«fc5. *©^ $2©»HW«I2 2 

±isc, b*>t»y-b«aia*a»atr«t-5t:j«ii8b % 

>^DXl-£ . 3 ftfc J: f) Bf&2tltz% 2 ©fHspws 2 
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UBS rj T V> 5 £>g 5 . m 2 ©$Jffll«@tt h y > 

-f5f>riA*ffi\ ^i©Jliai6S12 0*^;i/-Ri: 
UT p •> x;u 4 ©£®fl$#fc: FM >7M4MW 6 a 

[0 0 4 5] *©«tt, 0 2t^-r«J<, /?l>s&2©Jl 
Hlft*a)i2 4 6it«bT¥afbU efh3>**h?L 

2 4a©ra?u a«77y©a«>&*, tfhficie 

[0 0 4 6] C©£5fcfiSM©NAND§PFi? 

-^•>^y-T , ;-^7©2o©«eiKT-©»fw^5 
LRF©7-H««EXttb:y msis:®h»c, miam 

[0 0 4 7] «*tHbJHrftTftts tt^aj-f-b;!/ 
'i7x;^^0Vizm^4il^b^ ±T©StRb7>^^ 

gsai^nfc^ty h7>^^^i:©±Td s ^3i-r5=to 

3St«BEVRG*x ±T©«lR«^lfti:^a« , 7- KfHtEP 
Jd1-5o d©SEVRGti> ^x;vi:©SttM©^T-(iv 

T*fe5. M!BM2©»S1lHffiiD-r4SEI±^ 
^tB-r-b;U*#trNAND?iJ(3*^T, *©5R?|ffl^ 

W-b^tfSBR^nfcty hfiO ©^1© 

*y h7>^^tt*attJBfc**fc«>. aHR-b;i/©^ 
tt^ "i" x«± "o" t«tr*. 

[0 0 4 8] ?iiam±, ^*h|5I^{3^ 7DV*#tt 
Xtt^ : ey-b^^H'-JSbTfft?tL> ^:T©il*Khv 
>^^^3|-7 bfettlBTf, r^*#{4©±7- K«t 0 
V, #3S^NAND?iJ©±9- HS*S«tVSKXtt'>x 
;utS«EVpp4EPAD-fS. -f©^, 3Si)?7'D^^CD 
X^'J h7>s>;**©#, S^m'J* 1 6 IE?L * s M<bM*5 «t 
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[0 0 4 9]-*, T-^/D^AKfflt 7- 
■FStjgRdKfc^tU h7>v77-&lz N l\fc(9>5 

ami:* natmao v, tr* humom^v^y^ 

M»C«9^.tt«*«£EVDDgJK (Witt 5 Vffift) £Ep 1 

jmwi-*s*©«e» aiR7-K«ttt*^7*D^7 
mma (ma, ov) *s«j&^nTv>s®T\ tfyh 

>^ONAND» *-+*;n& j ^<j&fifcsn$. *© 

*t»*ttt*?#ttA**lT» iliR^'J 1*7>*77 2C 
©U*^tttEttIE5Srfofc$>7 M,T±E**tt»J; D 
J8Ev\ «Iitt>'-vij-*70##a#tt<Bt:&5. 

tO 0 5 0] imiRzfV '^^T-tt, fOty Mg 

ffl!i©aiR h 7 > ^Tv * *s t y h »»«<i^ia© wad«e 
■e#a«JB* e.*»fttiBt«i ^tsot, *hk** * 

£fiTU&^^A>£> s ttzs tE*©Jt3KJimfflfcft 
»& 7-7, • K u-f ^ffiftflWft&Jfc < % 'J>&* * U 7 30 
©JftJSfcflM&jSWfc^. Z(Dtctb, £y HtofcfcflrJg* 
VL (Witt, gifeffitt) *H»ie*nTV>*WlNAND 
8HM i: Jt«! bX 9- + *;i/©JFM#iI < , £2{b 
A 5 £< (-*«fM) ««r$ns. *LT, £©££/iA' 
^fiR#nTV^5|fflt, #3§*RNAND?iJ©?jS?f?fl¥a||{* 

mmzzom&tfm 2 ©#.iap*& 2 2 t(Dg&fa&n x 

[0 0 5 1 ] C ©J: -5 CJgdDBSTtt, tfcfcT- 7-7 40 

• t^jyT^mmmtiztix^tz^m^mitm 

AmEVpp©EpiD^;U7 W*) awts 

tftt***. £©^ + *;WBfiB£a<-e&3c:i: 
tt, *5«$an?#ai: % h>*;Uftta«ltA>*>4«ffis 
tBU S£*£&<frAS£D£pR^{t^©SEv-v>As 

te^t-s^hSrJt^a. ii < tz. *mx-&mftwm& 50 
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®m-mftx-MmbZftx^%<DX\ ±umE^-v> 

»*S03UiD^&rt$<t5^ SSI (SR?lffl*3¥ 
©f^#±#*5#&2©ffi|ffllWSi:©§ttfg 

flWb£ftT^S©T\ £Ji.fc&2©Syfflimffi:ttJBifg 
g*§£L-fcv>©T-, K»*&#S5l*igcrh>*;H6 

10 [0 0 5 2] ^Jf * 1; SET tt, 7"D^7i Mft 

A&©tMi(;::fcv^ffis©L£WfiA s f#i&ti.&^ 

JtD»8fa*»±ttJB*«36L«tA«&«©7 , Dy7/xft 

3©tt#f#6ft**T?f*!)jgUT'5. 
20 [0 0 5 3] *3*afi»«© : FfW8tt.* * U ^ffi&tf-f© 
8£&#£&T-tt, S^ii^±B#ra*S<T-t5Ci: 

©eS^* s ti^ta^A5^ So ££ n 7oy7Alff 
* s (gmEfb$tLfe^^, ^?©7^-'J >7"AVgSE 
{b(z®^L-*c^^©3iA^SSji^B$P f SA s ®<3&S^ 

^7ASE#{gBEM£ftfc&-pT> cn{3Vth7l , > 
30 K'>(S©«|/Nb* t iav>oA>«i5lr>»^, K#ttiL@©jfl!X 
tRt* 'J h7>^7^^±T^>^-y--5^tt N ^©y- 
> t Ep*p $ n a ;i7> mE©ffET & 55; A^ 5 c i: A 5 

•i:tt, «£*tttSV^»*ii*ttJBi:&5»tv^*E© 

[0054] %2mmm 

Tft*. *5Ufi^»©^F»»tt^*iJ»lfl4, ^©^^E 
0 'J h7>^7^Sr^lHJS^©MONOSSA»e)MN 

i/-f©@B«J& IMl5tt»liaBB»J:*to6ft^. b 
feA«oT, ^^tlt NANDyiJ©BfiBflligi:«J§*iS 
©#*RWU ffetttBStS. Sfe, BfiS»iat*^T 

[ 0 0 5 5 ] El 7 tt, *»ll§CD^ 2 ftffli$ttfc:fll*7* 
^ii^^Uili:^^, -?©NAND?iJ©br>y h^fql 
BfffiBlT?fe5. #l£MMM<DJ- 'J H5>^7^M1 1 
D a~Mlnatt, * ©y- HftSKAs, p7x;u4±t 
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v>*>\>mmo, Kfbjyt3 2ft«ii$«rft«. £ 

flgSfcMfc BWb-> U ^ >©&©**» e>flWJ;*tfT$-.fc 
i 2 T- fctftfb J/ >; 3 > JBl i: Sfls *> >J a >K O* 
JgfflSkl/n**. £©»£, TJl©^ 
0|J;L If 1 0 n mSJKCitttft (3 JP V > d 6 ^ € 'J Sfc? 

a»*«*»t Kits ,as*<j£#;& 5 . 

[0 0 5 6] 08 -Ell ltt, ±i$b £$$©*»&& 

^ pi)x;H&MU p £x;i/ 4 £li$t 
»fb-r«3i:t«tt)x 1 0 nm(i£fflifcttWfcJP^y- 
MWbtt 5*^1-4 (08 (a) ) . 
[0 0 5 7] 09 (b) £i5Vf«fcol3> £©y-h8Hb 

i:bfex-/^>yt;«tt) % «ij h 5 >$?**»©#*- 
MWb«5*|»***. H<09 (c) T-fct Jft£<b& 
HJ; t) s **y h5>5?a*©h>*;HMtK3 0&JF2 

if***. »*;HftKK3 0tt> -fliMBMb^ 
'Jn^Mlfet, tJ>&<fcfc*iB8M9-SllftS{bb 
T*>«fc^. *fe> h V*;H6SJ!t3 0±C, S«3 2 
fe«l*ttCVDffiCJ:D»+nmi:it«fl«JtJ?<it«r 

So 

[0058] nm\±. % immmhmm^ # y s/ y 

FSMU (Ell 0 (d) ) , 
RPfcfflWt, iixS^^f tTttl©««ie*x.v^> 
^UT7-K«WL 1 lrWLln*i:ajR<lt«SO 

li, sgi 2**rm&&r& (hi o (e) ) . * 
fe> uy*>-M*->RP*l»*«, as l ©jRNi&ftJB 

2 0§KffMl (Ell 1 (f ) ) , C©±C»2©fM 
»Wi2 2*J&Sl,fc«: (Ell 1(g)), !&2©jf|ig 
&^2 4©i£igU tr-yh3>^^hBCfflM, 
httBLa©Ett«©|gxgftiI?, i£R*»«tt** 

[0059] #^m^©*S3M4** y^st^x 

*l*IBK«i:ra«&«^*#r*. tit 
*cDJ;oi:NAND?iJrt(Dp^i;^IffiflC, ztii: 

ffi«*3!©^tt»fc«*#u&v>©-e, *)V7 7-x\- 

fcJ:D^aiRNAND?y©fi&ji^±t:*)'^T> ^© 

*&a»3R±n#BB*s<-e*5. *©£«>* ruvzrk 

SE©ffiSEfbtctt)»^ji^i$JKA j aVAli^ c©{£ 
«E{btfli"3TVthi>-f > K0(B©ffi'Mb#Sei>o;b»& 

fe> 8*&#>'w;*«©fMiP©a*£#fc*i"a. 

[0 0 6 0] ®3H«5JfcSS 
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So *n«0B!B© ; pJi«tt^ ; EU«att, *©**y h 

5>^^'ftJB ljaWB»OMONOSl!4»6FOtJE 

Mtfe^hw^k Hifc^-ra*6D&-b;i/7i/4 , ©iHiB 

[ 0 0 6 1 ] El 1 2 fct, #|fl 3 »|l:i5F G®* 
Wft&***)&m£iS»Xs -fONANDJUffltv h# 
|6lSllHEIT-fe5o C©EI1 2t^^n5«t-5t, 

-;i4&ttnt 8 wsmm 4 o (mi ^m$© h * ?® 
io {bn^ffii) ^©^ g i mffiMmomitmtftz. 

X, WittsKU S/'J 3>*»6&S7D-7y 

4 2 4>IBIf6ttR 4 0tt, S6 1 USSJfcJi© h 

* r»fbj«i: na, Rfb > y 3 >«v 0 n o«we« 

[0062] z0£otnmf&<DFGm*n$m* : e ] )8i 
■©Sfi^tttt^ * mm«c*»5ia3-ea^bKi 

0T?3St<jKy^U3>|Jtftri«U £ft£04 (b) f 
y^->->^1-5Zh, 04 (c) TMTHMbKl 
20 2 h|5)«(IbTs tpWUXUSkttBOL-riZts El 5 

( e ) <DnmQx.mzMm*f&immtx y ~> y 3 

mmxteztni-m 3 ~ei 6 tpwcff -5 ^ ^* s t- § s. 
[0 0 6 3] *njfi^JB©^j?«tt^ ^ y »ac*.^t: 

*©idt*?Blt^tt«9lSfR1!g«S^b&M©ie, -b 

«pBftft<T*^ #5HRNAND?iJ©^Sgji^* s t^ 
tKiT-^ *fcSSa*^VI/^ffi©l|iiJ»©SC&KA J Jg 
30 ^1--2)^:V^^fc|!I^©*lJ^§W■r5. 
[0 0 6 4] 

esjg* s ti^i-5. cfc-^T, num. ffi«E»*a*<b 

40 [Hia©ffJ|L«eM«] 

[Ell] *ftW©*M»ffifc«*NANDli^»*tt^ 
tySHo^^yTu-fcflifiiifc^-riHiKia-eft*. 

[El 2 ] *%b^©^ 1 snygsgt» D N H l ©£TCtt 

So 

[03] 02©NAND^jf^ft^ ; E'J^l©§Mjt 
SfI£^-f$r®EIT-&fK h$MI§I&«?fi£1-S^b 

[04] mz^m<mmmmx'$>*), v- vmmzm 
50 jstsh'v -miu%v>m% ix-imir. 



(11) 
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[05] H4t«<HBflBElTfifet) % 7- FORVaiR 

[06] mm<mmm$>>), %i<ommxm 
[07] *%w<Dm2%MBmizm*), miotETtn 
a. 

[08] H7©NANDg*#$6tt*ty«R0&lilg 

[09] m8izffi<fflwmm-c-$>*)s v-vmm*m 

[01 0] 09t^<(5]Bf®0-efet), 

[01 1] 01 0 fc«< igWfflBJTfc »K ^2CDWS 

[012] *«W©»3H«S^I8lC«t) % 01©&TfC 
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[013] tt*©NANDffl5R?»tt^^ USff©.** 
U7U*©«lS£*tlsli&igT?i65. 
[014] ft##M30 1 (D&Tk&WtZZ h 'J > 
yft+i&fcb&Ky h^[o]0Sfr@0T'fe§. 

l-^'J^TW, 2 4-p«>x 
;K 6a~6c-?ift» 8, 3 0- 

h>*;H6ttttx 10, 3 12-hv7» 
10 ftR, 14, 3-4-y-MMt* 1 6— 'sKUIf-f K 

s> i 8—jfciBjs&KS' , ;-y"f kjBn 2o-&i©jsrs 

&8B («fiSM) * 2 2-Jg2ffl*JfflI«ffi s 2 4-12 
©IF^Iil^ 4 0 -tt>|fflttSBU 4 2, FG-7D- 

x-f>^y-K Miif-^n?^^ st 

■11 a, ST2 1a«-ij)?h7>y7^ 4 CG-o> 
HD-;i/y-h, SGll, SG12«-»Rflre«L 
BLa$-tfy MSL WL1 lf-7-KS, BC-tf 
» hrJ>*£ bo 
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